Background--Patients with myocardial infarction (MI) and concomitant chronic obstructive pulmonary disease (COPD) constitute a high-risk group with increased mortality. b-Blocker therapy has been shown to reduce mortality, prevent arrhythmias, and delay heart failure development after an MI in broad populations. However, the effect of b-blockers in COPD patients is less well established and they may also be less treated due to fear of adverse reactions. We investigated b-blocker prescription at discharge in patients with COPD after MI.
b
-B lockers have long been a cornerstone in secondary prevention after a myocardial infarction (MI). The European Society of Cardiology recommends treatment with oral b-blockers in all acute coronary syndromes with concomitant left ventricular dysfunction and consideration of b-blockers in all other acute coronary syndrome patients. 1, 2 b-Blockers have been proven to reduce mortality, reduce the risk of malignant arrhythmias, and delay heart failure development, although most of the clinical trials proving these benefits stem from before the modern reperfusion era. [3] [4] [5] [6] Patients with MI and chronic obstructive pulmonary disease (COPD) constitute a high-risk group. [7] [8] [9] They often present with atypical symptoms, such as dyspnea, and more often have aggravating comorbidities. 9, 10 Furthermore, they less often receive reperfusion therapy during hospitalization and are less often treated with standard post-MI secondary prevention. 9, 11 These complicating factors might contribute to the high mortality seen after MI for COPD patients. 9 Historically, b-blockers have sometimes been withheld from COPD patients. 12 There has been a fear that b-blockers would induce respiratory adverse reactions such as bronchospasm, but cardioselective b-blockers have been proven safe in meta-analyses. 13, 14 Furthermore, several studies including a meta-analysis of observational studies involving COPD and b-blocker treatment found a protective effect on all-cause mortality, 15, 16 and a previous study showed a lower rate of COPD exacerbations, suggesting dual cardiopulmonary protective properties. 17 However, the established benefit of b-blockers as secondary prevention post-MI has not been studied extensively in patients with COPD, although a recent observational study from the United Kingdom seems to suggest benefit in these patients. 18 In this study, we aimed to study the association between prescription of b-blockers at discharge after MI and all-cause mortality for COPD patients in the present era of interventional cardiology and dual antiplatelet therapy in Sweden.
Materials and Methods

Registries
Consecutive MI patients admitted to Swedish coronary care units and entered in the nationwide Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to Recommended Therapies (SWEDEHEART) 19 registry were available for analyses.
The SWEDEHEART registry enrolls consecutive patients admitted to a Swedish coronary care unit because of symptoms suggestive of an acute coronary syndrome. On admission, patients receive written information about SWEDE-HEART and other quality-of-care registries; patients are permitted to deny participation in the registry, although few of them exercise this right. According to Swedish law, written consent is not required because quality control is an inherent element of hospital health care. An institutional ethics committee approved this study. Information was collected prospectively regarding baseline characteristics such as age and smoking status as well as electrocardiographic findings, examinations, interventions, in-hospital complications, diagnoses, and discharge medications such as b-blockers.
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Information on time of death was obtained from the Swedish National Cause of Death Registry. Information regarding previous medical history, including previous COPD diagnoses and other comorbidities, were obtained from the Swedish National Patient Registry 20 that includes diagnoses based on International Classification of Diseases (ICD) codes for all patients hospitalized in Sweden from 1987 and onward. Since 2001 the specialized outpatient care has also been included. All of the information from the different registries was merged into a single database for analysis.
MI and COPD Definitions
An MI diagnosis in the SWEDEHEART registry is a clinical diagnosis made by the patient's treating physician based on patient history, laboratory values, electrocardiographic findings, angiography, and other examinations based on current definitions of MI. 21 For a COPD diagnosis, we used J41 to J44 from 
End point
The primary analysis tested the relationship between the exposure of being discharged with a b-blocker and the predefined primary end point of all-cause mortality at 30 days, at 1 year, and during the total available follow-up time after the initial coronary care unit hospitalization.
Statistical Analyses
Differences between normally distributed continuous variables were evaluated using the Student t test. Differences between non-normally distributed continuous variables were evaluated using the Mann-Whitney U test. Differences between categorical variables were tested with the Pearson v 2 test. Rates of the end point in patients with and without a b-blocker were calculated with the Kaplan-Meier estimator. Univariate and multivariate hazard ratios were estimated using Cox proportional hazard models. Covariates were tested for proportionality of hazards by visual inspection. Potential confounders were identified using an a priori direct acyclic graph 23 via a web-based tool (http://www.dagitty.net). The multivariate model included the following covariates: age, sex, smoking status, comorbidities (previous MI, previous stroke, heart failure, renal failure, hypertension, diabetes, and cancer), in-hospital characteristics (STEMI, angiography, coronary stenting), b-blocker therapy at presentation, COPD medication at presentation, and discharge medications (angiotensin-converting enzyme inhibitors, angiotensin-II receptor blockers, aspirin, clopidogrel, statins, calcium channel blockers, and diuretics). To crosscheck the results data from different angles, several sensitivity analyses were conducted. A second adjustment method using a propensity score as a continuous covariate in a Cox proportional hazard model was tested to ascertain whether a different adjustment model would impact the result differently. The propensity score was calculated using a logistic regression model, and using the direct acyclic graph, the following covariates were identified as dependent determinants for the exposure of being discharged with b-blockers: age, sex, smoking status, previous stroke, previous MI, heart failure, diabetes, hypertension, renal failure, cancer, b-blockers therapy at presentation, STEMI, coronary angiography, coronary stenting, and COPD medications at presentation. All tests were 2-sided with a P-value for significance of <0.05. All analyses were performed in SPSS (SPSS version 20, IBM SPSS statistics).
Results
Patient Characteristics
Out of 62 855 MI hospital survivors with complete data on b-blocker treatment at discharge and exclusion criteria applied, 4858 (7.7%) COPD patients were identified. Out of these 4858 patients, 4086 (84.1%) were discharged with a bblocker while 772 (15.9%) were not. Baseline characteristics are outlined in Table 1 , both in patients with and without COPD for comparison. Patients with COPD were more often discharged without b-blockers (15.9 versus 9.6%, P<0.001) compared to patients without COPD. COPD patients not receiving b-blocker treatment at discharge were older, had a lower body mass index, were less frequently current smokers, and had a higher prevalence of previous stroke and heart failure but a lower prevalence of hypertension. COPD patients not receiving b-blocker treatment at discharge had less b-blocker treatment, more digoxin, and more diuretics at baseline.
In-Hospital Characteristics
In-hospital characteristics in patients with and without COPD are outlined in Table 2 . Blood pressure at presentation was lower for patients with COPD not receiving b-blocker treatment at discharge. Use of in-hospital anticoagulants and inhospital b-blockers differed between the groups. STEMI was less common in COPD patients not receiving b-blocker treatment at discharge, as well as angiography and percutaneous coronary intervention. This group also received more continuous positive airway pressure treatment. In patients investigated with echocardiography, patients not receiving b-blocker treatment at discharge had a lower frequency of reduced left ventricular ejection fraction. However, this group had a higher rate of patients discharged without receiving an echocardiographic investigation at all.
Patients with COPD not receiving b-blocker treatment at discharge were also discharged to a lower degree with the standard guideline-recommended post-MI secondary prevention medications. In contrast, they were more often discharged with calcium channel blockers and diuretics.
Outcomes
The median follow-up time for MI patients with concomitant COPD was 1033 days (interquartile range 1141 days). The unadjusted hazard ratio (HR) for all-cause mortality in COPD patients with b-blocker treatment at discharge was 0.64 (95% CI 0.58 to 0.71). After adjusting for potential confounders using the multivariate model, COPD patients with b-blocker treatment at discharge still showed lower all-cause mortality compared to COPD patients without b-blocker treatment at discharge, but the HR was increased (HR 0.87, 95% CI 0.78 to 0.98, P=0.017). In the other predefined time intervals of 30 days and of 1 year, similar trends were seen although not statistically significant. These analyses are illustrated in Figure 1 . Landmark analysis from 30 days after the MI up to the maximum follow-up time showed the same HR of 0.87 (95% CI 0.78 to 0.98, P=0.017) as the main analysis.
Sensitivity and Subgroup Analyses
A sensitivity analysis using a propensity score as a continuous covariate in a Cox proportional hazard model was also performed. Patients with COPD not discharged with b-blockers had a median propensity score of 0.76 (25th to 75th percentile: 0.67 to 0.85). Patients with COPD discharged with b-blockers had a median propensity score of 0.88 (25th to 75th percentile: 0.80 to 0.94). The HR in this analysis was 0.84 (95% CI 0.75 to 0.94, P=0.002).
Subgroup analyses in patients with or without a history of congestive heart failure are shown in Figure 2 . Patients with COPD and a history of congestive heart failure had a hazard ratio of 0.77 (95% CI 0.63 to 0.95, P=0.012) for all-cause mortality. Patients with COPD without a history of congestive heart failure had a hazard ratio of 0.90 (95% CI 0.78 to 1.03). 
Discussion
The main finding in this study was an association between prescription of b-blockers at discharge and lower all-cause mortality in MI hospital survivors with concomitant COPD. After adjustment for potential confounders identified a priori, the association remained statistically significant but with lower relative risks. Patients with COPD and heart failure showed a numerically larger mortality difference; however, a trend toward lower mortality was also seen in patients with COPD without heart failure. A total of 15.9% of the MI hospital survivors with COPD were not discharged with b-blockers. This group was older, had a higher frequency of previous stroke, less hypertension and more heart failure, yet less b-blockers at baseline. Instead, this group was more often prescribed calcium channel blockers and diuretics. Also, this group had more COPD medications at baseline, suggesting a more severe COPD. As a result, this group may have experienced more side effects and discontinued b-blockers earlier, or the treating physicians might have been more reluctant to prescribe b-blockers to these patients. Patients who were not discharged with b-blockers also underwent less invasive investigation during hospitalization and were also undertreated with other proven secondary prevention agents upon discharge, suggesting that a more conservative treatment approach was adopted.
Comparison With Previous Studies
Several other studies have reported that COPD patients are less likely to be discharged with b-blockers. 8, 24, 25 As shown in Table 1 , our findings are consistent with these studies, but the frequency of b-blocker prescriptions was higher than in a recent study by Quint and co-workers. 18 This could reflect more underuse of b-blockers in COPD patients in the United Kingdom compared to Sweden as supported by a recent study investigating acute MI care in Sweden compared to the United Kingdom. 26 Differences in baseline-and in-hospital characteristics between the groups defined by b-blocker prescription were similar to findings from other studies. 18, 25 Taken together, the evidence indicates that patients not treated with b-blockers have more cardiovascular comorbidities and especially more heart failure, which is problematic considering that one of the main indications for b-blocker treatment is heart failure. Whether these patients have unmeasured contraindications or if this reflects true undertreatment remains speculative. After adjustments for confounders, the HR for all-cause mortality between the groups was 0.87. This effect estimate is lower compared to previous studies. 15, 17, 18, 27 Reasons for this could range from different study population characteristics to slightly different study designs. Our study population was particularly old, which could be due to underdiagnosis of mild COPD leading to a later diagnosis when symptoms are more pronounced in an older patient population. Our study design excluded patients who died in-hospital, in part because of patients often being incorrectly classified as receiving no b-blockers when they died before being discharged, which creates a strong reverse causal link between not receiving b-blocker treatment and death, confounding the results in favor of b-blocker treatment. Our study goal was to study the effect of b-blockers as secondary prevention after patients leave the hospital. 
Study Strengths and Limitations
Our study has several strengths. First, it was conducted in a modern setting, reflecting conditions in the present era of interventional cardiology with widespread use of percutaneous coronary intervention and modern secondary prevention, including dual antiplatelet treatment and statins. Second, it was a multicenter, nationwide study in a heterogeneous patient population with many complicating risk factors and comorbidities, reflecting real-life clinical circumstances. Third, the study sample size was large, considering the clinical question of b-blockers effect on all-cause mortality after MI in COPD patients.
The main limitation of our study is its observational nature, and thus a certain degree of residual confounding cannot be excluded. Also, we do not know whether patients not receiving a b-blocker at discharge were introduced to b-blockers at a later time, or if patients actually discharged with a b-blocker discontinued them during the follow-up time. We did not have data on COPD severity as we did not have measurements on pulmonary function. Furthermore, a wide range of physicians diagnosed the COPD cases and therefore diagnostic criteria might have varied between patients. However, the validity of a COPD diagnosis in our registry has recently been reported to be good. 22 Lastly, we want to point out that this study investigated all-cause mortality, instead of cardiovascular mortality, to account for the high probability of competing risk of death since the patients with COPD were at high risk of both respiratory and infectious causes of death. As such, the manuscript does not provide insights into the specific cardioprotective effects of b-blockers in MI patients with concomitant COPD.
Conclusions
Being discharged with a b-blocker after an MI in COPD patients was associated with lower all-cause mortality compared to being discharged without a b-blocker. The association was stronger in patients with a history of congestive heart failure. The results indicate that MI patients with COPD may benefit from treatment with b-blockers.
